ABSTRACT Vitreous fluid is a stable biological fluid, which is well-protected from contamination and post mortem degradation, which makes it suitable in forensic pathology for determination of the post mortem interval (PMI). The present study was conducted to discover the correlation between increasing PMI and levels of various vitreous biochemical parameters (sodium, calcium, magnesium, chloride, potassium, phosphor, AST, urea, creatinine, total protein, glucose, total cholesterol). The estimation of PMI in red deer is of great interest in cases of illegal hunting. The vitreous humour samples were collected from six red deer carcasses. The eyes were enucleated, covered by parafilm and aluminium foil, packed in a small container and maintained at +4 ºC. Sampling of vitreous fluid was done again at 8, 10 and then regularly each 10 hours until finally 90 hours after death. A significant linear correlation was found for potassium, sodium and chloride (P<0.0001). The present study revealed that biochemical analysis of vitreous fluid could be used to determine post mortem interval in red deer.
Introduction
Determination of the post mortem interval (PMI) is an important parameter in forensic pathology and represents one of the most frequent questions addressed to forensic experts in a court of law. Determination of the PMI is complex due to many unpredictable changes governed by endogenous and exogenous factors (COE, 1977) . Therefore, many studies are trying to resolve these factors and to determine PMI with the highest possible accuracy. The use of biochemistry in the post mortem period has become an essential procedure in forensic pathology and considerable progress has been made in this field over the past decades (PALMIERE and MANGIN, 2012; CHANDRAKANTH et al., 2013) . Many different chemical reactions begin immediately or shortly after death in various body fluids, making the relationship between biochemistry values and PMI more difficult to interpret. However, the fact that the changes to each biochemical parameter have different rates of progression could help forensics to determine the PMI more accurately. Vitreous fluid shows excellent post mortem stability in comparison to other body fluids available for biochemical examination (COE, 1969) . Decelerated diffusion and anatomical protection enables the preservation of vitreous integrity and makes it less susceptible to bacterial degradation.
There have been many studies on humans dealing with an estimation of time of death based on the differences in biochemical values, mainly of potassium, with or without adjustments for ambient temperature (ADJUTANTIS and COUTSELINIS, 1972; MADEA et al., 1989; MADEA et al., 1994; JAMES et al., 1997; MUNOZ BARUS et al., 2002; ROGNUM et al., 2016) . However, there is still a limited number of studies dealing with determination of the PMI in wild animals. The formulas for determination of the PMI in humans cannot be applied to animals because there is considerable species variation in the absolute values of the electrolyte concentrations in the vitreous fluid (BITO and DAVSON, 1964; McLAUGHLIN and McLAUGHLIN, 1987) . The accurate determination of the post-mortem interval in the red deer population allows establishment of which animals have been killed in illegal hunting.
The aim of this study was to evaluate the correlation between the vitreous fluid concentrations of different biochemical parameters (Na, K, Cl, AST, Creatinine, Mg, Glucose, Urea, P and Ca) and PMI over a period of 90 hours. The obtained results should provide preliminary data on PMI estimation in red deer.
Materials and methods
In the present study, vitreous fluid was obtained from the 6 deer collected during the regular hunting season. As soon as possible, after receiving the carcasses from the hunting grounds, the eyeballs were enucleated by holding them with forceps and cutting the optic nerve with scissors. To protect the eyeball from adverse external factors (drying, bacterial contamination, etc.) each eyeball was covered by parafilm and aluminium foil, packed in a small container and maintained at +4 ºC. Sampling of vitreous fluid for biochemical analysis was performed using a needle which was inserted at the lateral angle of the eyeball, so that the tip of the needle was placed into the centre of the eyeball. Sampling of the vitreous fluid was performed at 8 and 10 hours and thereafter every 10 hours up to a total of 90 hours after death. During the sampling, 200 μL of vitreous fluid was aspirated and transferred to Eppendorf tubes. The samples were then centrifuged at 1650xg for 15 min at 4 ºC until analysed further.
The levels of total protein, urea, total bilirubin, AST, creatinine, glucose, Mg, Ca and P were assayed by an automatic analyser (SABA-18, Analyzer Medical System, Roma, 00153, Italy).
The samples was analysed for electrolytes (Na
by RapidLab 348 (Bayer, Leverkusen, 51373, Germany) on the ion selective electrode principle.
For each biochemical parameter, the mean values of both eyes were used for further statistical analysis.
Statistical analysis. Data were analysed using the Statistica software (STATISTICA 2010 program, Tulsa, USA), GraphPad Prism 7.0 and MetaboAnalyst 3.0. Simple linear regression analysis and Spearman's rank correlation coefficient were used to study the relationships between the concentrations of biochemical parameters in the vitreous liquor and PMI. P values less than 0.01 were considered significant.
Results
The results of the biochemical and regression analysis are presented in Table 1 and Fig. 1 . Vitreous sodium and chloride levels showed a significant (P<0.01) decrease at all intervals up to 90 hours post mortem as compared with the initial concentration (8 h). A strong correlation was noticed between the sodium levels and PMI (R 2 = 0.842, P<0.0001). The same pattern was also visible for the chloride values, also with a high correlation (R 2 = 0.873, P<0.0001) with the PMI. The vitreous potassium concentration in our study showed a gradual rise from the mean concentration of 7.25 mmol/L to 23.28 mmol/L at 90 h p/m. The analysis of other biochemical parameters (Mg, Ca, total bilirubin, creatinine, AST, urea, total protein) showed a moderate to low correlation with PMI (R 2 = 0.15-0.5). The level of glucose present in the vitreous decreased significantly (P<0.01) during the early post mortem period. 
Discussion
The present study revealed a high correlation between the levels of vitreous electrolytes: Na + , Cl -and K + and PMI (Fig. 1) . The analytical method used in this study was an ion selective electrode for determination of sodium, potassium, and chloride concentrations. According to the literature, this is the method of choice and is the best solution to reduce error when analysing fluid by flame photometry (TUMRAMA et al., 2011) . After death, active and selective membrane transport stops, and the loss begins of selective membrane permeability and diffusion of ions and other parameters, according to their concentration gradients. Although stable for a long time in the post-mortem period, certain vitreous elements will change with diffusion from the retinal cells (INGHAM and BYARD, 2009 ). In the literature, the levels of sodium and chloride were found to be relatively stable in the early post-mortem period, and therefore they may be useful for determination of the mechanism of death (BITO and DAVSON, 1964; INGHAM and BYARD, 2009) . For example, the concentration of ante-mortem serum sodium and chloride are reflected in post-mortem vitreous values, making it possible to diagnose hyponatremia or hypernatremia at the time of death (INGHAM and BYARD, 2009) .
The post-mortem changes in vitreous sodium and chloride levels have been studied extensively by different authors, but there is no real consensus about the post-mortem changes in these electrolytes. ZIGH et al. 2016 stated that the reason for the postmortem decrease in vitreous sodium and chloride levels is most likely the diffusion of these electrolytes into the surrounding cells of the retina and choroid, due to loss of cell integrity. How post-mortem vitreous sodium and chloride levels should be interpreted, still remains inconclusive.
A linear regression analysis of cations and anions of interest is presented in Fig.  1 . Our findings are in agreement with various studies conducted on dogs, cattle, deer and pigs (BRZEZIÑSKI and GODLEWSKI, 2004) . The post-mortem increase in vitreous potassium levels has been widely used in forensics to estimate the time of death of humans and animals (AHI and GARG, 2001; COE, 1989; COE, 1972) . Under physiological conditions, potassium is prevalent in high and similar levels in all cells of the body (BANIAK et al., 2015) . Numerous hypotheses have been established for the rise of potassium concentrations with the time of death. One suggestion was that the source of influx of potassium into the vitreous liquid are the vascular choroid and retinal lining cells (BANIAK et al., 2015) . In contrast, other authors suggested that the postmortem breakdown of active membrane causes the halt of all transport, resulting in the loss of selective permeability and diffusion of ions and other parameters according to the concentration gradient (JAMES et al., 1997; MADEA et al., 1989; MADEA et al., 1994; MUNOZ BARUS et al., 2002; ROGNUM et al., 2016) . The presence of a higher concentration of potassium in the intracellular matrix supports this hypothesis (MADEA et al., 1994) .
The analysis of Mg, Ca, total bilirubin, creatinine, AST, urea, total protein showed no significant differences with the increase in PMI. Similar results of these parameters after death were also found for humans (GURLER et al., 2016) . Nevertheless, the post-mortem urea and creatinine concentrations correlate with the ante-mortem serum levels of these parameters, and they could give a valuable insight into the metabolic status before death (HANNA et al., 1990; ZHU et al., 2007) .
The concentration of glucose present in the vitreous decreased significantly during the early post mortem period, probably due to the increase in the rate of anaerobic glycolysis. The drop in glucose concentration stops between 24-30 hours after death, as evident from the obtained results. This trend was observed in previous studies as well
